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METHOD AND SYSTEM FOR TEE CONTROLLED APPLICATION OP FLUID 
PRESSURE TO A LOAD, ESPECIALLY FOR PRESSURE TESTING PIPE 



SPECIFICATION 



FIELD OF THE INVENTION 
5 Our present invention relates to the application of a 

fluid pressure to a load, especially for pressure testing pipes. 
More particularly, the invention relates to a method for the 
controlled buildup of pressure by means of pressure converters, 
especially for a press for the testing of the pressure tightness 

10 of large pipes by filling them with a liquid after closure of 
their ends and thereby effecting a pressure buildup through 
pressure converters* A pressure converter for the purposes of 
the present invention will be understood to be a device which 
receives a fluid pressure at a drive side and outputs a fluid 

ft pressure at an output side, usually with a fluid pressure 
amplification . 



BACKGROUND OF THE INVENTION 
The controlled application of fluid pressure to a load 
utilizing, for example, a pressure converter at whose pressure 
20 output side, the pressure converter is connected by one check 
valve to a source of fluid and by another check valve to the 
load, utilizes the repeated strokes of the pressure converter to 
allow a fluid to b drawn into the output side thr ugh the first 
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check valve and then to be discharged at higher pressure through 
the second check valve* 

In order to pressurize liquid for pressure testing and 
like applications , high pressure plunger pumps have generally 
S been used and this is the case for the pressure testing of pipes 
as well. 

Since the reciprocation of the piston for pressurizing 
the pipe can result in the generation of an oscillation which may 
represent a deviation from a test protocol, such oscillations 

10 cannot be tolerated for pipe -testing purposes. The pressure 
medium used for the pipe testing is generally water and 
optionally a water-based emulsion and since a control valve is 
frequently provided to connect the piston pump with the pipe to 
be tested, that valve may be subject to wear from substances 

15 which may be entrained in the water or water emulsion, like scale 
or the like. 

When pressure converters were provided for the testing 
of pipe and the like, the pressure regulation could be effected 
at the oil side of the system to eliminate wear of the control 

20 valve by the water or water emulsion. In addition such systems 
did not have oscillations during pressure buildup and while the 
pr ssure was maintained. 

However, the volume required at the water side was 
invariably far in excess of the compression volume of the 

25 converter and thus for practical reasons very large and hence 

expensive pressure converters had to be us d. In ddition, the 
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pr ssure converters gave rise to extreme fluctuations in the 
preBBure medium. These drawbacks not only applied to pipe- 
testing presses but wherever the unit was used to build up a 
fluid pressure for a load. 



^ OBJECTS OF THE INVENTION 

It is, therefore, the principal object of the present 
inv ntion to provide an improved control method for the purposes 
described which allows a pressure buildup so that the drawbacks 
which have been detailed are eliminated and high pressures can be 
10 achieved with a simple and inexpensive apparatus and maintained 
for long periods of time without difficulty. 

It is also an object of the invention to provide a 
method for the controlled application of fluid pressure to a load 
which can be utilized especially for testing large diameter pipe 
15 with a saving in time and in cost. 

Still another object of the invention is to provide an 
improved system for the controlled application of fluid pressure 
to the load which is simple to operate, reliable and inexpensive. 



SUMMARY OF THE INVENTION 
20 These objects are achieved in accordance with the 

invention in a method of controlled application of fluid pressure 
to a load which comprises the steps of: 

(a) providing at least two pressure converters each 
having an output side connectable through respective check valves 
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with a source of a pressurizing fluid and with the load, a drive 
side pressurizable in opposite directions to draw the fluid into 
and discharge the fluid from a respective output aide, and a 
c nnection between each pressure side and the respective output 
5 sid whereby each pressure converter has a member displaceable by 
pressurization of the respective drive side; 

(b) measuring the displacement of each of the members; 

and 

(c) controlling the pressurization of each of the drive 
10 sides so as to reduce an output pressure of a respective output 

side of one of the pressure converters as the respective member 
approaches a limiting position in a pressure stroke of the one of 
th pressure converters, and complementarily increasing an output 
pressure of a respective output side of another of the pressure 
15 converters and a displacement of the respective member of the 

other pressure converter by initiating a pressure stroke of the 
other pressure converter. 

The system can comprise: 

at least two pressure converters each having an output 
20 side connectable through respective check valves with a source of 
a pressurizing fluid and with the load, a drive side 
pressurizable in opposite directions to draw the fluid into and 
discharge the fluid from a respective output side, and a 
connection between each pressure side and the respective output 
25 sid whereby each pressure converter has a member displaceable by 
pressurization of the respective drive side; 
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a respective displacement measuring device cooperating 
with each of the members for measuring the displacement of each 
of the members; and 

a common control unit for controlling the pressuri- 
5 zation of each of the drive sides so as to reduce an output 
pressure of a respective output aide of one of the pressure 
conv rters as the respective member approaches a limiting 
position in a pressure stroke of the one of the pressure 
converters, and complementarily increasing an output pressure of 
10 a respective output side of another of the pressure converters 
and effecting a displacement of the respective member of the 
other pressure converter by initiating a pressure stroke of the 
oth r pressure converters. 

In accordance with the invention, the pressurization of 
15 the drive sides is controlled through respective valveB and a 

common controller for the valves receiving inputs from respective 
position sensors responding to the positions of the members, the 
method further comprising the step (d) of repeating steps (a) 
through (c) a plurality of times until a certain pressure is 
20 r ached at the load. 

When the system is to be used to test a pipe, the load 
is a length of pipe which is closed at its ends and is 
pressurized by the pressure converter* 

According to a feature of the invention a valve is 
25 provided between the output sides of the pressure converters and 
the pipe and enables filling of the pipe under pressure and then 
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draining of the liquid from the pipe. A proportional/integral 
regulator can be provided between the output sides of the 
c nverters and the pipe for delivering a signal to the common 
controller. 

S According to a feature of the invention* the pressure 

converters with their displacement sensors and control valves 
op rated by the common controller form an operating system which, 
as soon as a first pressure converter approaches its end 
position, its speed is reduced and a next pressure converter is 
10 accelerated so that between the two pressure converters, the 

output is maintained constant* This process can be repeated as 
many times as is necessary, each time by reducing the Bpeed of 
one pressure converter and accelerating the other to bring about 
a continuous pressure buildup without a discontinuity or over- 
15 swing in the pressurization of the load* Since the braking and 

acc leration are synchronized, the sum of the fluid displacements 
from the pressure converters during the overlap in their 
peration can be constant or can correspond to a desired rate of 
flow to bring about the optimum pressure buildup to the load. 
20 In spite of the use of smaller and less expensive 

c mmercially available and structurally identical pressure 
converters, the high compression volume required for pipe 
pressure testing can be achieved even for large pipe* As a 
consequence large and thus expensive pressure converters that 
25 hav to be especially fabricated for the purpose can be avoided 
entirely* 
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The filling and compression volume which must be met 
are not limited in that multiple and simple and inexpensive small 
pressure converters can be used alternatingly and the cycling 
between the two can be repeated as often as required to build up 
5 the requisite large volume and pressure. A pressure sensor can 
be provided for the control unit which can pick up the internal 
pressure of the pipe and cause the controller to operate 
repeatedly until a setpoint pressure is reached. In addition, 
high useful lives of the control valve can be achieved since they 

10 n d not be exposed to the water. The valves are located, 

according to the invention on the oil hydraulic pressuriration 
side rather than the output side of the pressure converters* 

The pressure converters can also be used for the 
decompression of the pipes and to permit the discharge of the 

15 pressure fluid therefrom. 

BRIEF DESCRIPTION OF TBS DRAWING 

The above and other objects, features, and advantages 
will become more readily apparent from the following description, 
reference being made to the accompanying drawing in which: 
20 FIG. 1 is a flow diagram illustrating the system 

according to the invention for pressure testing a pipe; and 

FIG. 2 is a graph of the liquid displacement versus 
time, illustrating the invention. 
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SPECIFIC DESCRIPTION 
FIG. 1 shows large diameter pipe to be pressure tested 
and represents at 2 capB or plugs adapted to close this pipe. 
On f these plugs may be provided with a vent valve 30 which may 
5 be opened to the atmosphere for filling the pipe with the 
pressurizing liquid/ e.g. a water-oil emulsion, and for 
discharging the emulsion from the pipe. 

A pressure tank 1 serves to supply the pressurizing 
medium and, of course, some other source of the pressurizing 
10 medium can be used as well* Typical other potential sources 

include nonpressurized vessels , centrifugal pumps or the like. 

A tank 3' can receive the pressurizing fluid discharged 
from the pipe 1. 

A valve 26 can feed the pressurized liquid via line 8 
15 to the pipe 1 or discharge the liquid via line 27 to the tank 3' 
wh n the pressure converters are not used to empty the pipe 1. 
Alternatively, the pipe 1 may be filled from tank 3' by gravity 
so that the pressure converters only elevate the pressure in the 
pipe 1 to the test pressure. 
20 The pressure converters are represented at Dl and D2 

and at least two such pressure converters are provided. The 
pressure converters have a water side I and an oil or hydraulic 
medium side II as represented in FIG. 1. The output sides of the 
pr ssure converters Dl and D2 are formed by cylinders 9 and 10 
25 and plungers or pistons 11 and 12. Each of the plungers or 

pistons 11, 12 is driven via a rod 13 or 13' by a piston 16 or 17 
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of a drive cylinder 14 or 15. The drive cylinders 14 and 15 are 
double-acting cylinders* 

At the output sides of the pressure converters, the 
cylinders 9 and 10 are connected at points 7 and 7' to a bridge 
5 of check valves 6, 6', 6", 6'". 

On the intake stroke/ the piston 11 is retracted from 
the cylinder 9 of the pressure converter Dl and the pressurizing 
medium, i.e. the water-oil emulsion is drawn from tank 3 through 
check valves 6 into the cylinder 9. On the pressure stroke, the 
10 piston 11 is driven into the cylinder 9 and the pressurizing 
liquid is driven via the check valve 6'" through the 
proportional -integral regulator 5 and valve 26 into the pipe 1. 

Similarly, on the intake stroke, the piston 12 is drawn 
from the cylinder 10 and the pressurizing liquid passes from tank 
15 3 via check valve 6' into the cylinder 10. It is expressed from 
the cylinder through check valve 6" upon the pressure stroke to 
the pipe 1. 

The drive cylinders 16 and 17 are each connected with a 
4 -port, 3 -position valve IB, 19, two ports of which are connected 
20 by lineB A and B or A' and B' to the opposite ends of the 

cylinders 14 and 15. The other two ports of each of the valves 
18 and 19 are connected to a pressure pump via lines P and P' and 
to a return tank by lines T and T' . 

A common controller 23 transmits electrical signals to 
25 the electrical effectors 31 and 32 of the valves 18 and 19. The 
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output of the proportional -integral regulator is applied to the 
controller via line 33. 

For the pressure buildup in the pipe 1, initially the 
pressure converter Dl is actuated and the pressurizing liquid 
S drawn from the tank 3 is displaced via electric valve 6'" in the 
pressure or working stroke of the plunger 11 to block the 
electric valve 6 and open the electric valve 6'" so that the 
pressurizing liquid passes via line B into the pipe 1. Shortly 
before the plunger 11 terminates its working stroke and reaches 
10 its end position and as the plunger 11 approaches its end 

position, the plunger 12 of the second pressure convertor D2 is 
set into notion to build up the pressure in cylinder 10 and drive 
the pressurizing fluid via check valve 6" to the pipe 1. The 
pressure converters are alternatingly operated in this manner, 
15 filling the cylinder 9 and 10 and driving the fluid into pipe 1 

until the final compression volume is reached ♦ The proportional - 
integral regulator 5 monitors the pressure buildup and terminates 
that buildup when the desired pressure has been reached by 
operating the controller 23, The pressure converter which is not 
20 active at any time for buildup of pressure can be reversed for 
intake from the tank 3. 

The drives for the plungers 11, 12 are the piston and 
cylinder units 14 , 16 and 15, 17 which are coupled via the rods 
13, 13' with the plungers. 
25 In the position shown for the valves 16 and 19, the 

piston and cylinder units 14, 16 and 15, 17 are stationary. When 
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the valves 16 and 19 are shifted to the left/ the lower cylinder 
c apartments are pressurized and the plungers 11 and 12 have 
their working strokes. When the valves are shifted to the right, 
the upper compartments are pressurized and the plungers 11 and 12 
S have their intake strokes. 

The rods 13 and 13 0 are formed as racks which mesh with 
pinions 25 and 25' fonning the displacement measurement sensors 
Wl and W2 which provide inputs to the controller 23. The 
c ntroller can thus respond to the proximity of the plungers 11 
10 and 12 to their end positions to reduce the speed of the 
respective plunger of one of the pressure converters and 
accelerate the plunger of the other so that, as shown in FIG. 2, 
over the time period UB, the displacement of the pressurizing 
liquid from converter Dl falls at the same rate as the 
15 displacement from the converter D2 increases so that the total 
displacement to the pipe 1 remains constant* An input 24 
provides a setpoint for the controller 23. The cycling between 
two pressure converters is repeated until the desired pressure is 
reached. 

2 0 It thus will be apparent that even for pressure testing 

of large pipes, the comparatively large filling volume and 
compression volume can be reached with relatively small 
conventional pressure converters by operating them with a common 
controller alternately in such manner that the displacement is at 

25 a substantially constant rate and thus no pressure fluctuation or 
oscillation can arise. 
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